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(54) GaN SINGLE CRYSTAL SUBSTRATE AND ITS 
MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN single 
crystal substrate which is wide in area and is little in 
warp and can be independent. 

SOLUTION: A mask which has a zigzag window and a 
stripe window is made on a GaAs (111) substrate, and a 
GaN buffer layer is made at low temperature by 
HVPE(hydride vapor phase growth) method or 
MOC(organic metallic chloride vapor phase growth) 
method, and a GaN epitaxial layer is made at high 
temperature by HVPE method, and the GaAs substrate is 
removed. With the independent film of GaN as a sheet 
crystal, GaN is stuck thicker by HVPE method to make a 
GaN ingot. This is cut and polished by a slicer to make 
a transparent colorless GaN wafer with little warp. 
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(54) Umo&m GaNWlfiTO0|?« 



(57) mm] 

GaAs (i i i) mm<D±dc^mm^x 

M O Cffilc «fc 0 ffiiB^ GaNA^r J» £ I, HV 
U GaAsIS^iSt^ GaN<DafflR%aHSS 




im^mi) 2 0mm«±©IS<!:0. 0 7mm^± 

nx i > * m t r z> g a n »is as«. 
[ 2 ] a«*if <D£&H <t , is t m.w 
* *> aa » <§ftffi©ffi« tot*-? n m.&mm 

[ mmm 4 1 wst*(D««<Djs: o ^ 2 ^ > rmt im 

0X2 0 0 vm&TTt&ZCtZ&WltT&ffiimilC 
im>km 5 ] G a N ( 0 0 0 1 ) flar^ 

[ig*lI6 ] (111) GaAsl«(D±{C[l 1 - 

i^ccfrii^^x ^©s^wr^vx^fu < « 20 

[-110 h7-f ^(Dt^^ff^v^ 

^ G a N ^ x ^ ^> t ; WS M> G a A s If S^i* 
U GaNgfflKiU 4>ft< £t> 1 ffl*OT®"rSC <t 

[183317 ] (111) Ga A sl«(D±(C[l 1 - 

2i^idc—mmm^^>x^i- 1 1 o]^ripjcc«^ 

tf^5FmA:jS[tt«>K*W-r*v^^Xtt[l 1 -2]# 

[-110 ]*|qj«:flHV*x h 5 -Y :/**<Dj&&*t3"S^;* 30 

^GaN^xt^^t JWJESS-tt, GaAs» 
iSltGaNifejlT, ^CDGaNi£-«CD±CCHV 
P E r£GC cfcotGaN 4MS A£ xt^^^t b 

WfXttWBBtc J: 0 #itTr LTttS&tD gil/c^ - £ 
U - OfOft < i 4 1 14ffftS C i4*»4 

[0 00 1 ] 40 

immm-rztmmi) m-vBs»M»fb 

■^^agf* (GaN») £ffll>fc$a##y*- F (LE 
D) J P\s-'tf&'{j'— K (LD) ft£*6R#3fr?4fl<D 

[0 00 2] 

[fifcfc<D&Jf5] H 1 ttGa Nl$fi(D/c«)(Z)StE<bttO 5 
Stttt© G a N £f&-7-5Eifc £«U»^*©Jt &tS 
*fo t7 7 -i+ (Al,0s), SiC, Si, G a A 

s m zno^c amimmm s n £ . si t^^f*?^ 
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S«<D±Ct G a * frWOtLXft 

6nri^/c 0 t^T^t (a i 2 o 3 > sigfctfb^woc 

N ***<0±(CX tf dr * 5^ * ;U&Rf ^ 0 C <D J: 5 fcjfij 
^^jd^-^T'/flfi^f^ GaN&t'OSSBS^ 
f*tffc*ifc1^7r-/+««tt«(r^cSSLED, LD 
tbxm^bil&o o$0if^T-f + <bGaN(DtS^W 

tSfi±©Ga NSL E D«rpR3ntC^, £/cGa 

[0 00 3] r A fiGa N©»-?3E«ttftl»ji 
5„ -tftteWftje-Tl^T -T^SfeJtCCttUffliKjftGa 

C£*»£i?£>£ 0 ^2W7 7-/t±(DGaN©llUI 
<t, K^S^Yt<D^^^-r^-7 7"C^^ 0 JR«©S 

isnn^feoi^rGaN/A 1 2 o 3 ts®&}$ 
o D ceo <fc 5 fcABfittfll*. »;&©53R<CBHB £*vci,> 

0^3¥5~ 1 8 3 1 89^ 
©»¥6~2 6 0 6 8 0t 

[0004] t cz&v? r a ^mmtbtetefflm&b 

&o -Yi'S^Jh<DGaNxh'^ + ^-f;l/Jicr)^ffi 

PJ^TGaNLED ttfi*#r * ^FS*ttW»'C4& 
[0 0 0 5 ] U^UI^^r J*MXk5U>£r>mn&)tj: 

m&&$>&. t7 7 -{t (a 1 2 Oa ) ttib^wccscje 

rfijgffi#®^ 0 <b^iK)tc^<b o c iti^i^j: ^ r* 

y^*^C ^ ^ • S ^> B ^ <D tt»BBtt*s& ^ <h I ^ C <b 
T?*S 0 ^n(C]ij?C> 0 GaN/t7 7 ^tiS^LED 

* ? ^«c»«-j- # cd ¥ a f> #mxj>m oi\ 
mn^^^mi^o^o^mb^xxmmmm^ 

[0 0 0 6 ] ^^>^IfcfT^c*(CS i CCDJ: 

S i Cl«GaN$W^« 
(3)Appl.Phys.Lett. vol.71, No. 17 (1997) 

(<cmmztixi*z>. u^is i ccct>in]ffi*s*s 0 ^ 
Qfoc&mx&t) % ttmotc&oimmu&M 1 5 0 crew 
jbfcfc&a. s i cmum*om&mitL\,> 0 

i cttGaN&ytM+omm±uxib£*)mm$tix<,> 
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s i c/GaN*^iajS*a«rw»iSsnr^ 

[0 00 7] tWUtfcSl:*©GaN^t flffi 
[0 00 8] S«±(CGaN*xt jr+V^;UfiJEfiSli: 

iooo 'cw±<DiS?a(c»ns»u&wn«& 

£T £ £ <t Sfi £ (D^JiSI^^it ^ tc J: 

&i»C<0«t9-C*&. GaN©«S»aiS«*li« 
i v GaAsttfil. 0 8{g 4 SiCliO. 8 7 If 

3 6 «©«UKSS«»€:J*^. 
[0 00 9] m& SMJJO^SM^cDjtlHcJ:^^ 
1 <DM«H«, G a NfltCifBA^^ U G a N8NRCC 

*. *3<DlB»B»*^*lr*a^G a NiPt 
»ftC»il^Cit*S. If 7 t -Y^»SCcGaN(D?S 
»*«M**:tB^ftttG a N^£**ftlr>*«:JSrt>. 0 

^»mmfl(0G a N/1f 7 r -f -Ht J: £ G a Nfg-£rffc# 

[0010] GaAsafi4SS<b0tGaN*M3 30 
-li r^K^s&sj^Wffsbti^iC: L^lGa Asl 

««: WK&ifilb r> /Co ^«#Oi®M^SB^r GaAsH 
I*6As3tffiJS , T5 i GaAs^r^^rtaW 
6„ c©J:^fjciffiEb©A:«)«:GaAsS*R±CC^Ha>G 
a N*g^i^S?3S"C^ r£fr~>lc 0 tctblC G a A s Sfg±<D 
GaNJSfi (GaN/GaAs) l»&i**S81Sftt^ 
&^ofc 0 

[0 0 1 1 ] iafc^^tt^OtiGaN/^T 
<fcD#Mfc-r&, i(,^<D^CNiocDBFmcD^0^c/j:6 40 

ii^t^, sgtts ttawfi w natoi sis 4> u n 

l>. 1f^7>f+S«rJ:0fi^K(DGaN«:^fiS1f* 

®mi-\m\mm^m^c - i i , vol. j 8 1 - 

C-II. p 5 8-6 4Ctlttt7 7 -TtSS^X h7 
<®K) ©vx^Sro»*©±CCGaN*»]RliJi 



!«J CC «^«t 5 ftfcBSrfP e> G a N 0 Xh7>{ 

*>< ^-Clf^r ^+±<DJ5feftr, 1f7r-/+«S 

e> # -y is > ^n*s» u < *&a s o ** 

S<E)fctf>, G a N4*l&ACCfK& ^-f * P * 5 

x^^-yp^2^tC^iii"C^)^, it^PpljlEfeA^o 
[0012] MUKSRMKOtt. tS^-3E»<0»«»SBt*4 
9 PS 0 Scot £ £ 9 - ft feffiBftttSflctt G a N 

^- £ UT^f*§SBIfllt3IT 1 *f ^*mi 

[0013] ^M*S^fiS;^$i±^ic«^3ri^;u^^ 
tew x~\~mmc &6£ci*o ^ U r^f*cc ftotbi 

5o GaCc^fi<DGaN*aSWl6T, S^SUBDilffiBIEE 
*»WftIik UGa-GaN ffikifc it^CiOTt^o 

u u its^BEcc ^ £ ^rh tzmmm * „ m> &m -c* ^ 
<hi> 5 cdt«^ 0 ten ^ h iStca or^HWra 

*tM©GaNg^r^f, Ga NS«*>#r±Ua 

[0014] g a Nmmit-mmmmMcjzvfthtiz* 

cn6«l^nfc«tB*>6HtB^©5l6^*4. If 7 t 
-Y i-Sffico±Cc v G a NJ*M&J%B3 -&Z>tcxb&rF<D 4 

1 . HVPEffi -f K7-f FStffl^gffi : Hydride Va 
por Phase Epitaxy) 

2. MOCri (*«^K*<b«!«tBiSfiffi : metallorqa 
nic chloride method) 

3. MOCVDffi (M^MCVDfJ : metallorqanic 
chemical vapor deposition) 

4. m&fe 

[0015] MOCSit h M Wiy^ATMG^ 
i'GatDWa&Bi, HC 1 y h ^^-;^<3[) 

MGaC 1 ^r^b, Ctl<bI«W2 

±iCGaNfBK«:/ffifi3-l±&fc<D-C«>S. iei««:tt7jc* 

^tf^o GaIf4<bltWi^I^^^6^ 
GaN(D*CC^tt«J<tUriBA"rS. IMi<DGaN 



5 

0/c^cl»±fcI< ftS, #^JStB{fcia»tBS?ffi 

Mn/c^s-c *>^^, a *5 c co j: ^ a^ # **s * 4 0 

[0016] MOC V Dffi(3:G a N«gffii ITI 

x<bi^>tc, nm$titcmm±icux%tfw2>o s«±r 

TMGiNHa «l,GaNWt^^ e t(Djj& 10 

S#, MO Cf£i|5j D J: ^» (c^f^A ^ 0 vi 

5 ftSSJ^ H V P E sfettG a JKft i b r £JS 
Ga«^ 0 h^^-^JSlS^CCG avS^^G 
a^flSrAtiTfc < . G a ttBJoSj&Sffili©-? 3 0 *C^Jh 

TGattiKttra*. ^c^kmtfz. hci^«^ 

WHi, mWJ^AGaCl^^, GaCl# 20 
^TiJE/SbrGaN^S«^ffitcJttST-2>. C<Z)#ffi 

ccigA b ft c »3&> b ft i m^mbm. *> ffir b ft 

[0017] 

[%W»?&b <fc 5 tTSSill] GaN^a^-^g 
T^lfi(iGa N«g a Wf ^If l) 0 AMGaNIS 

^cn*r??.tnbft^o/co cn^rffau^o/^ 

JEWS^ Sffifl^WlTSASSG a NiKMt^Ci 30 
*t*»98©»l<OBWC*S. JK9<D<J>ftt,*GaN»K 
S **S4?BQB <0» 2 <D @ ffjr d£> & . 
[0018] 

CBWB*»^-r"5/c«?>(0^©] GaAs 

e ^s«©±(c [i i - 2 ] ^tc^rtgpsTiEo* [-li 
o] fimchmmmr?ftttTzj&*m-?z>vx>?%^ 

tf» *<PSODffl$#K:ffifflr G a N-** 7rl*lSft 
"Ol^iSiatCbTGaNJS^^^Pr»0±<tv 

i* GaAs IfiSISS L t G a N»eSSfi4!8if 40 
So cnttltS«DS«^^fi6rcfeS. *I»^»C© 

**««GaN^^*; h<hb> cnt«JK«l^i« 
BBLraSfecDGaNffifiiTi. CMWBGaN 
aScD^ji^Sr A So GaAs S««27Kr x > 
M"SCi(a-9tiSr«fS a ?6tCGaN©SItt 
WSbr^flHc-T*. c<DJ:5«:WHcD»iS*fc6r*-S 
^'^>t JHMfctt** ijjl b r ^csatta £fg o T b $ 
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[0019] ftftWOGa M£M*(DmX<D'&rm*:Cr>*; 
£$CC&So *#SWrttGaNa«CDiSffi« W>^« 
±, W£b<k*2'<y?im±tTZ> 0 L E D ft £<D$& 

ym+zxmmc&zix bvmmTztc&icizGaNm 

PEl^^g^, <£ftr 2 0 mmeSW±S7$ b< « 
U^(25mm)Stl±, g b < it 2 <{ > 

^•afiLtifSOr**. tti»»»r*4GaAs»« 
#EWfttt*M»<DG a NISfi%«jfir # So 

[0020] cne>©*an«u/cGa N8»S 

So G a N»IE#|fifi©i^ icrtapjK^* SOT?iK9 # 
JffitS. SOW, ^^V^^S^x^-^'p-fe^c 

fei^rsiAftK^cftSo ffi^oso *fi«-r*-iHB3&s 
#>s„ cn6M^c(;^»GaN(«0t^«w 

^rtl^TSo 

( 1 ) )Sgya^xKi-v^^M?:i^lfc7f7 

(2 ) or fewer 

SC<L^J;^ffi<br#S 0 

(3) |gfflW®---JSO^WBCCJ:oraxs©riftM^W 

*S«#ffi©-r*l*«S£U G a N*ISSB«i br&S 

[0 0 2 1 ] HVPEft«:SffltS©W, KStfliKftCC 
^tlftl^^CC-rS/t^r^S. K3»*GaNlC#$ 
tlft I 6 L/ftl^o «fc ^11^*5 

=lr * 'J ^ i Or mt> 9 *fWHK*T^4 it^Ci^ 
ftl^o ^^Aoftl^^o^f^tCjc^r, GaNMSfe 
^CD^x^-^cftS. ^^(OGaN^XA-^ 
X9 : 0±Cc*i< TM<DjC£1fiimxfl7L2>. ^Sr 
^^<DJ:5r*S. b^b, GaAsIi»?,Ilfe 
L/cA s ft^iBACCcfcOfSliatfe, tS^fe, n§Kft£ 

[0022] 

[%HJ©l?ffiCDms] $»Ga NSB&KtG a A s S 

»6ai%fSo ^^r-r^r^ft^o f^ 7 ^tifi 

6 Bfa&r * ft <h C S G a A s S«W3E*r 

B^nu^rSH^ri^^s c i^r ^ So $tec8i?8 b/cd: ^ 

CcGaAsSSCC, GaN«r/iSES3-l±S(D«H8ltr— & 

SS±(DG a N#saa)«Rfi*ffi*i«a: b/c. «tlt«NW 
¥1 0- 0 7 8 3 3^tj$^n>So 
[0 02 3] GaNfJA*fi*r*4. (000 1 ) 
ra« A0*tf*tt^* So GaAs Wfi^a^r * S^ 6 

doo)^(iio) m*3 mmmzmctei,*. ^ 

CrGa A s (111) Affi2Rl»ttBBS£X«£ brffi 
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1*4. C ft tt = @Stf Ifttfe© * 4 liS CC B£*r -2) Mr $> S o 

[0 024] 113 tt^T^Jl/XftfiCctt^ vx^CD— S|5 

3 N 4 ^Si O z tjtgtfi&i,*. 1 0 0 nm 

HKlOOnmr**. *IBBtt:3K*«-r 4 vx >7~C#> 

CftWBiJgyLrfe=ftTfetBnv A0M&tt<5frt> 

ffi9*Wiasr*s. mz [ i i -2 ] *i«(cyij* 10 
ttbratA. ifflH^Li-rs. -tftije^-rs [-11 
0] ^«ciB»-ra?iJtt*t:v^-rftri>*. l»SS?U<b 

ommZd <hir£, Jtf£L<fci:d = 3 1/2 L/2<hT 

l^o 122 wm<D±E;£7l2£U JKtT^^-L* 

6 /iiiu »1lgd^5 ^mif^^WSCifcr^ 

5fc«j£&;i&>£jffifiLfcG a N#EID$cc%|fL£ig-i-£ J: 

[0 02 5 ] ^^<Dvx^JSUCCGaN^JlS;SSi±4 

aN3&SiSffitc«j[S^U*t^^Ttl!!©Ga A s iSSHlG 
a N3Wtt^T4<DttKOB|J»^Wr*4. M^CDG a N 

is&wm&iaz. ^v7rm±v. WL^<ow^m^u 

&HB**2»A3ft£. U*>l/*l6W(DJ:5Ccvx^3W*S 30 

v x ^ 6 w ^ ta L/ r »3Eriaj cc/s-s-r 4 

ST & © fctfc l >. ft l > £ £cfi5 & < fiEST 

£<b**e>ft£. sj*jB«3W»Ec^e>i(fa*cfisaa, a 
K£ wr fc^jfcwjif a ^ ft 4 o ±mm~c&& or c * 

[0 0 2 6 ] vx^4-?W5(ctJGaA sffi«CD^»CC 

KccsiBawsjc^tc-r-s. rattWBiiae (i) icw 

[0 027] C ©att«?WfS»4 50 e C-5 0 0 'CflK 
T\ HVPEatCkoTSlOnm^lOOnmiR© 

^?r7r»W.«rt(COTfi:OrffaET5. 16 (2) 
K^<Dtm*mLXl>2>. 50 
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[0028] 8 0 0 -C- 1 0 5 0 ^m<DM&CLX % 
HVPEfttGaNxb^^t;H?:M« 0 CCD 

^^L/cGaNMII^il^Aft^Jf^T^o ©tffe£ 

M«Aft JfrKlC 0 &£i:DItf> 4 o G a N « v X 

~C*> £ „ HI 5 CD J: 5 Cc R«ftft> 6 ©ass <h ffiM 0 _k(c fa 

^ e cft^iae (3) (Di*pjr*4o ±ibcdj:^^s 
assisot, iS-fii§M^ftr^T}§o^^x«r 

[0 0 2 9 ] 3e>tC3E7kCCj:^rGaAsgp^x^^ 
(4) ©tt»(C«c4. CftWltSc©GaN<Bar*-S. 

[0 03 0 ] 3 6(C|Iifc(D0x^-^^J§U/cC^r^ 

«:S3-t±4 0 EI7^Cft^^- 0 117 (1) tiGaNig 
fi(0±(CHVPEri^J:or$ 6>tc/p< GaN^rxtT^ 
*^^JHlRSU/tfc<D*^T. Rt±S<DGaN-Y>dr^ 

^-OC^DIiSUTtf < 0 17 (2) tiCft^T^T. TX 

t)v bv^^-zwmurmi (3) ©<t5«:a9jT» 

{cGaN'Jx^-mS, C<D»^, AsliGaNfi 
[0 0 3 1 ] *^cc^irxt-^^->^;UijJEfi(cfflc^ 

^HvpEit*Bi8ccj:oTBieg-r-s. ««©isjaaFi 

*>6WHC 1 +H 2 C0M^WX^A3ft5. H 2 
t'JWm&. -€-(Dii:T0C«GaJB5*5*^. CC 
CC«^K G a * IRS U r *j < . m^fiti* 6 b - # 2 
CC<fc^r*nJ»SftGaB!lliK6CC&^ 0 HC lrtSGagiuR 
CCII^^^e»ft^^6, Ga + HC 1 — ►G a C I <bt^ 
SJCE^c^iSfb^U^AGaC C0G a 

T*fca«tiS. JW**fx»Aa 4 tt J: 0 "F*«:Bip-r 
4. 7>^7NH 3 +7KJRHa WE^X^CC^e. 
JSJS^rtiCiSASfti, GaCliNH, icj;0, Ga 
C 1 + NH3->GaN©KJ£;M@C£. 
[0 03 2 ] *i2^'*7«^+ 7 b8l<CJ:~iXmiMm 
&mc&!rthti2> 0 n^7©±(CttGaAs!fi9 
JfcliGa N 3StE#IK 0 # W 6 ft £ . W JpJ» S ft X 
t^^6«tHSj£U/c^iBJG a N3&«a«<D±tc^»T 

^>o Sf^^sw^tBpi o^eefasns. hvpe 



(6) 



[003 3] xfir + ^ + ;I/^BttJR*4%Sl#CCb«cW 
ftfcttt 6 fcl>#G a 5 fe(OWttC». Ga 

i*f50^MOCa, MOCVDffir**. Cft<E>(£> 

PEffittv£&Ga£MLTHC 1 «hJSJS3-i±G a C 1 
CCTS. GaC l*WW$^(CJ:^t?dUlt 10 

l<bUt *S & tp (cA6ftl><!:COfiBT*SHVPE tt 

[0 0 34] ^SWfc J:r>Tfls&ftft:Ga NfttSSS 

x l O 1 6 cm" 3 gat*S. nM(Dfc®tt£^-x.3 

mte&^tcOtc. H V P Effi*P*cDB$^EE^IWT^ 

cita^r^t y i xio 1 0 cm" 3 — i 

x i o 2 0 cm" 3 ©«iriW»t#S. BBR^BE*W 20 

8 0 0 cm 2 /Vs <D«Beatc|HSS'C# S. tLJfiffira 1 x 
10" 4 Qcm-lxlOQc mOlEfflrftjlJffllpJfieT?^ 

[0 0 3 5 ] C 5 Iti^li/cGa N^tCttftftfcW 

ass* H&K&^cfsci^*-5). yt^nxmmfct 
mii#t* £ . * tit** ? m t ft»jt*©iiMB'c* 

£<, rt«B6***;*:* C> <bJK 0 #*S/c U < & 0 7 * V V V 
y 5 7 ^ ft £ v ; x/> - y'u Hz x Cc30»**-r. 
[0 0 3 6 ] »U/cG a A s Ifi(D±(CG a N^iSS 

s*t:«ja«:T5ur»B^6«-&f*4moffl"r, mm 
mmmms&h. tmr^ct^^xm^mu^o 

1 9 © J; ^ (CG a N/G a A s IS^ftj&^itf „ GaN&C 
ttlSMMltl^. GaA sCCt>JSjEtrfij*©j£^5 40 
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tc <£ o X £ i> <D~C £> £ o 

[0 0 3 7 ] fcOfc&Jfi#/cW7££T£<!:* GaAsi 

^icGaN tt^ffltc £^-C& 5 . JMSBK**** S £ ^ 
5ttl>#>&l\. Ga A sSS«:IR0^L/ , r t^SGaNCC 
JWtSj6*#*i. ^<7>/c*6CCia 1 KDJcMCGaN 
gtWStf. C(OJS0«Ga A s £«:^RIffiOCStIH<fc» 

[0 0 3 8 ] 5ft*(C*$liT, GaAs®K±etGaN£ 
^*«CfiJEfi 8 ^ S C t i$X JWo /c<Dte JEffifcW* 

^KHfoTtetK CC3&i&GaN^<v7rH*liES3-a: 

8 6 *cx tr * * > i- juii^m^r r&m £ rtSBS* 
(DiMIS <£f <D£c Rite $>Si ^3. 6 ft & <> 5 -r*^ ;u 

fiRftffi«c*5ii*r , v x * cc j: o rEtt^ 6 9 » 3 ftr 
i^OT7^^±«iu /c«i$»^is^fiB{ t-r s o c ft 
ccj:orGaN<z)rtSiJjs*%«e>-rc:<fc^r*s. 

[0 0 3 9] *ft«t»li<30t?*S^ *>ttD fttCtfU* 

©rtWfc^jwss-r*. yt*ccGaN»fi*JS4, so 

UWSSft*S0O±IK4»»tttfftKa6ai^ 
[0 0401012 CCJS0 ©fJJ3effi*4l^ttS3Sa©5E 

ft^rb^-r. — jm.&<D?^-icisxm&teT~7>\' 

[0 04 1 ] teV ~<D)&WK> <D\&^ 

^SRfcJ^rfcEllrsa^I-c**. R = D z /8 
H*Sl>«\ € = 8H/D 2 ('Cj:^r^»:r#6o D« 
^x^-cDjtSr**. 2 ^>^"?x^n-(DJS^«D = 
5 0 mmT*#>£ 0 

[0 042] SO *fc«Jft#<h t> 5 ^CD^ISMcJlft^ 

^ > + ;w-c* s ^> h ^mcm%x * aj: 

[0 04 3 ] 
[0 044] 
] 



cr = 



Eb 2 6 
3(1 -v)/ 2 c/ 
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[0 045] {Ccfcot^^n^, a«rtBPJ£^, Ete 
Witt** i/tt#TV>Jt. b^affiCDigS, d«ffM« 

= 5 0mm(!:l/ci|^ ±©^ir 5" = HCC^/c^ 0 
cnttWK©WSBl6**Sl^e>gt»'rS Stoney 

[0046] 
[?K2] 

cr = - 

3(1 -v)/ 2 

[0 04 7 ] C(D^Cj:or, iS#S#>6a48t»b 
/Co C©jS*ffia«JS^ri^fi«*^PffltcL/c«^tc 

<> dii**sw/hs < rt»j£*3&s— 5E<o»^ at 

*«?8#6K:j:SGaN»=R«coOT 

1 . ilIi^SR 6 0 0 mm«± (dl|2p^ 1 . 6 7xi 
O^mm^HT) 30 

2. S0H (50mmllt?) 0. 55ram^T 

3. rtSBj£*a 7MPaHT 

*aW*3&5*x^Nfc|RUfc*m*. 6 0 0 
mm, H^0. 55mm, a^7MPat^5. 
mmjJ a(J3MPa J&TF*C* 5iJ;Off$0^. Oil* 

[0 048]*^^feUT, ltfcDGaNStRfcKiiiE 

rzfr&omic g a Nis^aMai ur^o±(cG 

SBSfS^ffifeSfflL/n^S. *<Z)»£W:J5#* 105 40 

itt/t/cc>&. x^-rxurwOHiU/c^x^fefsKfir 
Eii5 (a) m&m<Dtm*L&-$- 9 cn«±^tc so 
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w-Scuri^. cn*p«-r4iia i 5 (b) ©£*> 
cc#£. ±tH/cC^fflccJ5:^ 0 ^fflocfcorfclSSffiffi 

*B{ * 6 mm* w-mc a s . ^arc ts&K&ai £ 
[0049] »ig^ffl©ffi«<fciffiaffif©fiEj»(Dfe"rfta 

«r0<b"Fa. CtlttB l 5CDj:5^#M^O^(D3l^<D 

»^r«tp^6(3DffiMi*x i oatEaa* l £ x = 

o£Dx = -L/2r-0 v x = + L/2t+0 

tbxmwjx.<o<Dmm.z±®±Tz>t. 2r®=dx 
wi<o e^flreati, 5fe^^<DS;«7cRe= 9 

H 1 6 Cc^To 

[0 0 5 0 ] 2 ^^er-o^s^jBa^turiUi^iiisgp 

©= 1 4 3 2M/RiftS/tW*5. COi^&M 
2 -f >^£x;WC:te^T, dl!*MM$*6 0 0m 

bffi <b CD X U ft (D^f tte 4 * fet t > <b t, >tt & 

CC\ gtjgBcDtlll^S6 0 0 mm«±cl^^fW6©± 

2* ±3' HTtwnift^.ci^ 

«G a N»«rt©rt»jcK^*JiSEa 1^4 iSbftS. 
Wmi&<DK*)H (Ml 2) l^l^5©«»(D*fi*, 

Jx.K)mv$>&0. 2mmtlT (2 

c <h ^ pjftfer* ^ c <h ^ijd^ l, /c e ih«¥a i s ^ h © 

r^^ili<7)ci;^tCR = D 2 /8Hr*S^6, H = 
0. 2mmcU5PSStt, R = 1 5 6 3 mmllSCC^/c 

H= 0. 1 mmiC^ffliR=3 1 2 5mmlIJSCC^/c 

4o 



13 



10 



[0 0 5 1 ] 

G a NH^SS 1 VKDitM) ] G a A s (111) ASK 

^S«<bU/c 0 7 7X7CVDgItGaAslS± 
fc, S i 3 N 4 «.<^X*JB) *J5S0. 1 ^mCCtti 

Ufc. H3«C^^*F* h«<b, <li-2>Xh7 
<l-10>XF7-/7 , g©31t*S. 

1 . F * h 3K-B 3-5 KSVS- <fc 9 (C, G a A s < 
1 1 - 2 >(C«f^t^^f ^Mt-SSIifWt:* ^ 
^-rftT0>£ o d = 3. 5ym, L = 4/im. 

2. <1 l-2>Xh7^7'^-<l 1-2>#»C?- 
ff tt£K (Xh7-^7') CD * . * h ^ ^ 2 

3 . < 1 - 1 0 >^ h 7^ ^SS- < 1 - 1 0 >#I*JK:¥ 
?t&-M;& ( F ^ ) <D * . ?<DWfi 2 
/xmriHPB^6 Mixio bT?^»8 MmrftS. 
[0 0 5 2 ] CCDJ:5^ro^/cS i 3 N 4 

( 1 ) GaN^^77S©M 

jajwwas*wrs * tc ct ^rffitonfcG a ass 

«*HVPE$!H<D**CKKUfc. HVPEilfirG 
a A s 5 0 0 °CCC?jn^i U/Co 5^0G a 8 

5 0 # CW±CcMLGaIilSK<!:TSo m*f*»AP*> 

«KCa»£\ WJ^AGaC 1 &<£/*S;0/c. 5Jij<5DJ^?4 

ZmA l/» 5 0 0 "C(Cfl«» $ ft /cfitfcB-gS'T? GaCl + 
NH 3 — GaNCDJSJESrecS-li-Ga A sl»C, Ga 
N£#tgi3i*&„ cntCJ:7TGaAsSfi±W^7 0 
nm©GaN^^7 7i«liW^ Si 3 N 4 ttGa 
NfiRSWWftfflsOS* 0 S i 3 N 4 ^^ItciiGaN 
fcffiifilb<H\, ^^tI (7 Onm) |J7X^ (1 0 
On m) JcDf^o tcfrb?&<DGsiAs<D%mtd1rncG 
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* [0 0 5 3 ] (2)GaNib^^> t ;l'®0M 
HC 1 CDzgA£f£±0/c o SffiSfg* 5 0 0 m Cfr*>#) 1 
0 0 0*C£*C±tf/c o WVHC 1 *GaWfcfiJWT»A 
T£. WffiroXgipJC^^tC, GaiHClOSBlC 

ty+iutsnws^e>Gac 1 ttT#^<tfc«:»s 

ft£ Q 7>^7NH 3 iGaCl«$n/cIS(D 
fi§tg)£bGaN^Tt^, Cft7&ssg©'t»<D7<- < y ^ y 
JBcO±tCxf^*^ + JHiSfi-rs. vx^jp^ (10 0 
nm) aiSi^x^ 0O±^C G a N*S Srts^fc^tt 
CC)A^ o rtf< 0 /c/cl7X^^WGa NT?Htoft-5 
£-Cti % GaN*3SttAfl«tT*£. 04, |5^fl 

*SiSttl«& < ScMT G a N jfSSH*i v x t?<D±m* 
MM< m>&< *T<b, 4g«l*^G a N;&*iiSOTlO> 
<o J#fiiIJSra:5 0 /im/Ht*S. fll0O/im<DS 
<7>CD ib'^t >- * Jl/Jl * J&g $ i*/c. C CO cfc 5 toifcCD 

>h $ c ^sk* hmiitti&w^ 3 i±tea^fi <* a ( ^ ^ ^ 

[0 054] (3)GaAsl«(DI»4 

r»l 0D$p t gx^7 c ->^b/c o GaAsi»^c| 
*3ft/c. GaN/c^(D^c^o/c 0 MMSrOTItOT 
GaNiSBfiSfiiUfc. Cft«@a:JSr*^/c. 

AM* l»XH C fk\ L l-C 3 ^(Dl5»4 ^COt^tTG a NJjJJS^ii- 
tc Q im 1 tt^p* F » Ct2 ymfl, L = 4 Mm, 
d = 3. 5 jum) v^^€rffi-oTJiSfiS-li*A:fe<D"C* 

B»42W<1 i-2>^h7^7Vx^^forfS 
SSifft:fc<D*e*£. W43tt< 1 - 1 0 >X h 7^7* 

[0 0 5 5] 

m\ ] 



20 



30 







+ 'J Tififfi 
c m -3 


cm 2 /Vsec 




ist^f l 




3 x l 0 18 


2 0 0 


8.3x 1 0 " a 






6 x l o 1 8 


1 5 0 


6 x 1 0 " 3 


«»3 




1 x 1 0 1 9 


1 2 0 


3.5 x 1 0" 3 



[0 0 5 6 ] (4) ?tmm 



50 



a. cft^^^^juwaiggttfs^ferAS. »S4oo 

nm-6 0 OnmrORiRfiRKW, <fc^ffl!IEttL/ 
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TMOcnT 1 -80cm" 1 X$>~?tc 0 

(5) xmmvr 

KGaN (o o o i ) m<±<Dftm.<Dmi&zm&i,?c 0 
•ecosm, mfcmmom&t. GaN (ooodico 
m&±(otj;?ftmxmjmx?2. 5* -e&2>c±&ft& 

£/c, GaN (0 0 0 1 ) m<Dm%<Os^?y*r& 

ffi«<D & ^ m & ~ o co -y- > u &c o t > r fj/Ef & t , i 

^>^-S (D= 2 5 mm) T?^H = 2 5 Mm<D&CD£H 
- 4 8 /um<DfcCD^^o/c 0 R = D 2 /8HW^ 
6, R= 3 1 2 5mmiR= 1 6 2 8mm<OfeCD"C* 
£„ 5t«:^fcJ:5tc, 2 -Opy^-xwy * h V 
V^77^©PRW^0. 2mmr^DR= 1 5 6 3mm 

[0 0 5 7 ] [«SM2 (HVPE^^JUjjfcfiGaN 
HVPEffiGaNWWW) ] 2-Y>^tlcDGa 
As (111) AW%mm<± 0tc o -^<D±CC S i0 2 <D 

$mm*nmistc 0 y * h y v ^ 7 ^ &c j; n 3 <d 

( 1 ) g aNA?r7 rmmm 

[0 0 5 8 ] v^^^ft^GaAslfeHVPEi 
accgaKLfe. H8(0»g^flS5*i, Gaffl5«8 0 0 
°CCCjMAL/c e HI4^<i:LT«, H 2 +HCl*Ga 
ffitcmZ. H 2 +NH 3 ttffimfij£(t2gl>/c 0 S5 0 
0°C (8«jSK) (ZHEi&teteUT, GaN^^yf^ 
Br&lstc. rtvyymWfrWZ Onmt^^ 

(2) xfcT^W^WOJRja 

■^C^rS*iajK«r 1 0 OOWiWco HCJSOR*/** 
GaNxt^+^tJH8 0Mm^MUc o 
( 3 ) G a A s 

GaN/GaAsS«4HVPE8g*>6flX^Uc. 
«ffiH*CC G a N SRJR^JiSS ntl^Ci fcfilSg U 
ftp Ch%I*t)3tGaAsHg4J.^>^SU 
fc. 

[0 0 5 9 ] (4) GaN<DJStttt 
cnM^TOU/c 0 16 (4) (0«t^tttt»«:tt 
4 . GaN (tCtc-otciy (D&J&tctc O'H V P E i£gCC 
"fe^b/c, l«S^1 02 0 9 CiU, HVPEffi 
WotGaNilffWLGaNCD^^v h*f#/c a 
07 (1) CC^*r«JB"C*S. C(D^>zSy HJ^gtf 
>0^b^/v/af5«r*o/c o *{gBF3ra*j2 0mm, 54 
S5 5mm(D^>rf^ hT?&o/c 0 

[0 0 6 0 ] (5) X^^t-ta^^XA-©^^ 
b 

^TfoJCC^O/cU/c. 137 (2) (C^iTJ:*>r&£ 0 jrffi 
^5 0 mm, m&3 5 0 /imODG a NflMSBStR2 0ft 
GaN^5>rrL/c<hC5, As, K*i fc(c^ 
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^^>TOKW*ofc. Of (As), 

/A Ga NOtt^Cf&^WStir^ttC^j&i^S. 

[0061] ( 6 ) mm 

3 6fc7 9t>^E f±±lf«F»*Ofc. H7 (3) 
(7) XKIHIt 

t©GaNa«£^j6Wll <L|5jDcfc5fc:, X«0Jt3SH 
(CJ:oT, IStliGaN (0 0 0 1 ) M<bCDftIgCD 
10 b/c Sfi^MO&ffi <b G a N (00 0 1 ) 

ffioa&Mott-rftffirtJ, iwrsAo. 6* 

±Mftfrr>tc 0 GaN (0 00 1 ) m<D&SL<DjSfil<Ds'i 
7 7^^gfrt^ o. 5' r$)5CiWo/c. £ 
ytW»f*©S«©JS:0 "2^>M(D = 50m 
m) tH=ai 5/im^o/c 0 R= D 2 /8H~C&& 
R=20 00 0mmiKr*^ +»tC7* by 

[0062] ( 8 ) mmm\±(omm 

•iZsdtv Y<0±M (J$fi*&K©#) ^^BX-o/c^ji^n- 
20 ©*«to«tt*»J5£ U/c 0 n MX * * U ^i«Stt 5 x 1 
0 ' 8 c m" 3 T>£>ofc 0 m-P^HtftJg^2 0 0 cm 2 / 
Vst$)^c e JtJElnWO. 0 1 7Q cmrabo/Co 
[0 0 6 3 ] >rf 9 KDT*fl (JiJSfiflflW©^) 

* 'J +«BEtt 1 0 1 8 c m" 3 , S-=F-^SDJS« 1 5 
0cm 2 /Vs^ofc JtJStSttO. OlQcmT* 

[0 06 4] ( 9 ) 36»JR<Z>»J3E 
30 Cn6©^x^^Hj3^^!©Rfe^^T?$>-o/Co 
-S4 0 0 nm-6 0 0 n mtcteW 4iJRiR{S»W2 0 cm 
" 1 -40cm" 1 r&o/c 0 
(10) LED<DVm 

GaNSRW^fc©^ W±iCInGaN^l 

rfiJ±L/ciiS«, $if4<DM^HCj:4 0 a?3ftcD-y*>r T ^ + 
/c^, G a Nfiflg<D*«H^<Z>L E D «SMK{ft*i^:^ < 

40 ®^>Lrc^^6r^4 0 

[0 06 5 ] [mWl3 (MOC7f7^fiGaNi 
tSA. HVPEGa N/lftW ) ] G a A s (1 1 1) B 

wzmiRt uxm^tt. s i o 2 zmmtcttvy * h y 

V^^^ ^ ^CJ:-oT [1-10] arfaCCHtf** h^-Y 
[0 06 6 ] ( 1) GaN^* y rMOBtiZ 
0 Q CfD®ra^Sffi±CC 9 0 n m<Dm&<DG a y 7 r 
50 [0 06 7 ] (2) GaNxb^^5>^;HlCD^ 



(10) 
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(3) GaAsifidORS 

MO CttK*>6G a N/Ga A sKHtK VtcUtc. flt 
ffi©GaN*jftffi;&V&BOTl>/c. X h7^77X^(D 
^FlpJtt, GaNCDtl 1-20] Mr*o/c e o£ 0 
GaAs(Z) [1-10] »GaN(D [1 1-20] 

[0 06 8 ] (4) GaN©»Wt«fi 10 
2 5/imI^(DGaN%Sfe B H iUt 4 HVPESBK: 
tz* HO/Co 1 0 0 O-CCCjjp^L/HVPEffiCCcfcoTG 

aN^Kxt^t- is * Mm £ raai*r*(Kie 

^^3-t2>^<DGaN^>=f^ b£Wi&L,/c 0 
[006 9] (5) \Hm?)>\5jy~t l c£Z>'ir3LJ<s-® 

rtsjjx ^ ^ u--ec j: r ^ > =f v h £«itft:^c 4 

0 0 MmCDH&CCtyOfflUfc. 2 5ft©7X*? h^x 

[ 0 0 7 0 ] c e ) mm 20 

tc 0 «n a n tUr©GaN#«Sa^x^-*f#fc. 

(7) m^t4<Dfjj^ 

2 5 0 cm 2 /Vst$)o/c 0 Ibl&m* 0 . 0 

5«c. Xtt@Jfi6«tc<fcot:*«*iI<b (0 00 1)1 
^©flOMffifcW^fc. »«*IHffiKi, (0 0 0 1 ) 

/c 0 R= 1 3 0 0mmt*5. GaN (0 0 0 1 ) MO*30 



mW9/c 0 R = 6 9 0 0mm<D*SJKr£>£ o 

[0071] c (omm-cteG a n a<**a*sa<t l 



t, Ga 



lftGaAs/^lSfi^ 5»£K:Jt« L r 6 4 %St{£ 
Tit S«(D$¥if£ffi:nX Htr^& 0 fiKtfSIfcS 

»/citisyto©iijsn#pafe^#<^fflr*)rc. GaN 

%f»ftl>tc£ZZmm (As), £3g (C) ifcMv 
[0 07 2 ] vx^©SttiE=ftJfJ(DTI*(C*4f4a«: 

a s i g a Nomftmrnxm*) fosmxzmtn-c* 

[0 07 3 ] [Xtfcffl4 (Gaflffitaffi*:?**^- 
• WtB^©KI«) ] [l-100]Xh7-f zfv* 

C » H V P E mc X X G a N ? x^£fl=S{ o /t. Mf4# 
XttH> +NH 3 <bH 2 + HC Hf4//X(D*I 

[0 074] 









G a #£E 


NH 9 *}fiE 














(*» 


(JtPa) 


<k*a) 


mm 




(mm) 


(HFa) 




1030 


180 


1 


4 


Tffl 


35 


54 


26 


a 


1030 


1 B0 


1 


6 




40 


58 


28 




970 


180 


2 


6 




120 


1000 


4 




970 


180 


1 


6 




60 


225 


11 




970 


| 180 


1 


6 




40 


61 


26 




1020 


240 


2 


6 




300 


10417 


1 .2 




1020 


240 


2 


6 




120 


167 


29 




1030 


240 


1 


6 




70 


125 


23 


y 


970 


360 


2 


6 




200 


1488 


5 . 4 




970 


180 


2 


12 




200 


1359 


5 . 9 


7U 


970 


180 


2 


24 




200 


2604 


3 . 1 



[0 0 7 5 ] ctxh<D>)*>, h\ n x x, # % K ?\ 
(D6-o«A^JU--7*r^)0, >>\ 'X 'J, ;KD5o 

(A) Ga#ER*l kPa (1 0" 2 a tm) r£>£ e 9 
7 0W-^7i • vx^OilcGaN* 1 HfffflJiRfi 
1 0 30 # CCS?>«:3ll$raGaN«:fiR«3#/c. 



50 



£81 4 B$ PalcDx t* £ * * ;l/JSfi-C* S. HI 3 e^L 
(mn) T?^)€> 0 Jlii?ti3 0 Mm— 1 2 0 nm^C^O 



(11) 



19 



r^s. irm»i*mug» <MPa) x$>& 0 &%<am 

ttrtSBEtfj** 1 0MPa-30MPa^^. te<tA,£ 

j£*»7MPa«T (7X10- 3 GPa) U 

(B) GaM«2kPar^^ 0 9 7 0°CW 7 77 
j§ . 7^^(0±{CGaN46ll$fflxt^-fi/fMfi3 

*To KJStt 1 2 0 0 0 MmCDRnCC^TlTT^o G 

aNKf4<D^M«f!l,>. Rmax(ffl2 0^mtW. 10 
GaNS««tt2 0mmX2 0ramt*5. SWI 

MPaHTr$)^^cnWcfCi«^l>o 
L/raD^fl=r*^(DK)g01tCJEC>tf&o* ( 1 1 0 /urn 
-3 0 0 //m) *i*^ e JS0<OlBl^ffiR«R= 7 8 0 
mm— 1 5 0 0 mmT#>£ e 

(ximfc) xmm$Tmmicj:r>x* siiii, (o 
ooi) ffiv&mommzm^tc. isflrxu©*^ 

±2. 0* -C^-p/Co J/cGaN (0 0 0 1 ) 1 20 

©ffiS©Bf)Ot^a«flT2, 4' r-fe-^/co Steffi 
®f*<DX«<DK: 0 fitt 2 -Y > ^-fite}£» lt v 6 0 m m 
-C*^fc. cn»R= 5 2 00mmm. 

[0076] [mwis mm*&<Dmm ] am^n 

D (A) (Di*f46t$c<h, (B) 5t5c<0ii^4ccocir)iJl 

t tihmmm<Dfflmc -o^xm^tc %mmic & ~> x m. o 

*ffflD0fc. H 1 4tc*©#S*4S%-r. ffittttlRJV (m 
m) «W*Wllll**at?*4. l!l|**Stt6 0 0 

(A ) 9 7 0 °C 1 fl$Pa] H- 1 0 3 0 °C3 WBtiKfiOmA 30 

uiMcasiv < mm&v-iav i\ 

(B) 9 7 0-C6H#ra^<DI«BMii?aW-<, StlH 

«©K**s*ift ufcott*©ct 5 mmic fe j; & „ 40 

[0 07 7] [JttkffB (MS) ] KI4AWW»«:^ 
l/ft:. KfiB©5^, IflSO/im, rtK^HMP 
a , fllj^S 1 0 3 0 mm, Rm a x 2 0 u m<DfM^t 
-o^XVmotc. WJ8tc«fc«5KW«8 0 MmtcjRofc. 
rtll**SttWS«6 5 OmmJCK^tW. WfiKCj:-3 
tai!$(iRma x7. 2nm, Ra2nmWU 

(0 00 1 ) ffifflK<DKHjfc*!«^/c. &K&D£&l<h» 50 



2000-22212 

20 

(0 00 1 ) Iffi©^Tftg©S»J± 1 . 7* -c 
&-?fc 0 GaN (00 0 1 )I©S!S^(Dlft^« 
S*rtr3. 7* "C$)o/c 0 $/cffl®«<D««<DK9* 
»2>f>^I*C9 0/init^o/c 9 dll**SttR = 3 4 

[0 07 8] 

^ibdcmmdc^^xsmmm^mitr^tc^ sou 
D&fmr5c<t#r*£. ^5rntfLED©i|#tfe* 

[01] GaN^ a B H 4^S?#^/c^CDS«W4<i:Ga 
Ni(DW8S^ 8ffi£»CDg*. x v yli^t 

[1112] ^7 7 ^I«J:(CGaNx^^^t«g 
StttcW^K:, G a NMJl#^fc;*r& Ci(Cj:ot^ 
3@»30«Ht 6 ^Ct^m7 0 

[0 3 ] flMttlvX^^Ga As (111) Af 
CCEI^O/ctCDCO^lJlllo 

[134] vx^^^KSL/cSBdCCGaN^y 7tIB 
[15] GaN^7X^ 4 V r Jt<D_Bc £ fc* 

£ * ^ ♦ <* -smss** ^ ©is aims utcmictk 

me] G a A s IS©±(C7X ^ ^ritt G a N a' ^ 
VrM, GaNxt'^^t JUJaSrJ&gSi*, G a A s 

li^x ^>^T»*r&xg*^'rn^ig. ( i ) « 

G a A s (111) SK±tCVX^4Jf^L,fcXflCD 
Mo (2) ttvx^(cj:orHtonri^«ci*8U»^ , <y 
7 r Hi'/cXifiOllo ( 3 ) tt^ WrM. v 

m o (4) ttGaAslMi*lGaN<Da2Jllirj: 

[Ml] GaN»«(D±CC3e>CCGaN*/»<lSfiS# 

XfM47^-rm o ( 1 ) »Ga L/cG a N 

jyziyb<Dm o (2) tt-Y>d^ hiWSJJX^-flf 
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